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(54) Stator of AC-generator and method of manufacturing the same 

(57) A stator of a vehicle AC generator includes a 
stator core (32), a multi-phase stator winding formed 
from a plurality of conductor members (33, 331, 332). 
The stator winding has coil-ends (31b) at opposite sides 
of said stator core (32). and portions of the conductor 
members (33. 331. 332) in each of the coil-ends (31b) 
are radially aligned to have fixed radial clearances ther- 
ebetween for introducing cooling air and ensuring insu- 
lation of the conductor members (33, 331 , 332). 



FIG. 8 



33 



IX 1 



CO 
LO 

o 

Q_ 
LU 

JOOCIO: <EP t005137A1_ 





331a 332a 



4- 



331g 



332g 



3=^ 



331b 332b j 33 Ih \ 332h 

IX J X-J 



31b 



Primed oy Xerox (UK) Business Services 
2.16.7 (HR3J/3.6 



1 



EP1 005 137 A1 



2 



Description 

[0001] The present invention relates to an AC gen- 
erator driven by an internal combustion engine and, par- 
ticularly, a vehicular AC generator that can be equipped 
on a vehicle such as a passenger car, a truck, or a ship. 
[0002] Recently, output power of AC generators has 
been increased to meet increase in electric loads such 
as safety control apparatus. 

[0003] A structure for a powerful vehicular AC gen- 
erator is well known, as disclosed in International Publi- 
cation Number WO 92A)6527 ( 1992 ). In the above- 
described conventional structure, it is proposed that U- 
shaped conductor members are inserted into plural 
slots of a stator core from the same direction and edge 
portions thereof are connected with each other after dr- 
cumferentially bending to form a stator winding. In this 
structure, a higher slot-space factor of conductor mem- 
bers can be achieved by inserting regularly U-shaped 
conductor members, thereby to obtain higher output 
power. 

[0004] in the above-described structure, however, 
conductor members are disposed close to each other at 
coil ends and clearances therebetween are small due to 
a high slot-space factor thereof. Therefore, conductor 
members may collide with each other at vehicular vibra- 
tion or the like, thereby to damage insulation coating 
thereof. Conductors members also might be in contact 
with each other at damaged portions of insulation coat- 
ing, thereby, causing an electric short-circuit. 
[0005] In the above-described structure, because 
radial clearances between conductor members are 
small, centrifugal cooling-air, which includes circumfer- 
ential cooling-air generated by an inner fan, cannot eas- 
ily pass through the radial clearances therebetween in a 
circumferential direction. Therefore, it is difficult to 
improve cooling efficiency. 

[0006] A main object of the present invention is to 
provide a stator which can solve the above problems 
and ensure reliable insulation between conductor mem- 
bers at coil ends. 

[0007] Another object of the present invention is to 
provide a stator having an improved stator winding of a 
high cooling efficiency. 

[0008] According to an aspect of the present inven- 
tion, clearances are formed between conductor mem- 
bers at coil ends of the stator winding. 
[0009] Therefore, collisions between conductor 
members under vehicle vibrations or the likes can be 
reduced. Accordingly, insulation films of conductor 
members are not damaged by the collisions. Further- 
more, cooling air can easily pass through the radial 
clearances provided between conductor members in a 
circumferential direction, thereby improving cooling effi- 
ciency. 

[0010] According to another aspect of the present 
invention, the clearance between the conductor mem- 
bers at the coil ends is larger than a clearance between 



the conductor members in the slots. 
[0011] Because conductor members disposed in 
the same slot form a stator winding having the same 
electrical phase, electric power generation is not 

5 affected by a short circuit due to contact between con- 
ductor members in the same slot. On the other hand, 
because stator windings having different electrical 
phases different from each other are located adjacent to 
each other at the coil end, electric power generation is 

io affected by a short circuit due to contact between con- 
ductor members. However, because the clearance 
between conductor members radially adjacent to each 
other is larger at the coil end than in a slot, the collisions 
can be reduced, so that reliable insulation between con- 

75 ductor members can be ensured. 

[001 2] According to another feature of the present 
invention, one conductor member is bent in an arc 
shape, thereby forming a clearance between the other 
conductor member radially adjacent thereto and one 

20 conductor member. 

[0013] In this structure, it is easy to form a clear- 
ance between one conductor member and the radially 
adjacent another conductor member by bending one of 
them in arc shape. 

25 [0014] According to another feature of the present 
invention, the radial width of a portion of the conductor 
members is reduced by forming concave portions at coil 
ends. 

[001 5] Because of the concave portions, conductor 
30 members, insulation between the conductor members 
can be ensured and cooling capacity of coil ends can be 
improved. 

[0016] According to another feature of the present 
invention, the conductor members have the connection 

35 portions at the coil ends. They have step portions 
respectively formed to be thicker in the radial direction. 
Two conductor members can be disposed radially in 
close to each other near the connection portions. On 
the other hand, a plurality of conductor members can be 

40 separated from each other at a distance from the con- 
nection portions. 

[0017] According to another feature of the present 
invention, a manufacturing process of a vehicular AC 
generator's stator includes a step of inserting plural con- 

45 ductor members in plural radial layers in each slot, a 
step of bending straight portions away from the straight 
portions of the other conductor members radially adja- 
cent thereto, and a step of forming clearances between 
the conductor members. The step of forming clearances 

so includes a step of bending the same straight portions of 
the one conductor members in opposite directions. 
[0018] If the conductor members are bent, they are 
hardened mechanically at the bent portions. Therefore, 
even if once-bent conductor members are again bent at 

55 the once-bent portions in the opposite direction, the 
bent portions cannot restore the original straight 
shapes. If the straight portions of conductor members at 
radially opposite end layers in each slots are bent in a 
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direction away from straight portions of conductor mem- 
bers radially adjacent thereto, they are hardened 
mechanically at the bent portions of the straight por- 
tions. Therefore, when the straight portions of conductor 
members are again bent in an opposite direction to be 5 
brought near the straight portions of conductor mem- 
bers radially adjacent thereto, they are bent at the bent 
portions hardened mechanically. Therefore, the straight 
portions of conductor members cannot be restored to 
the original straight shapes and curve to form clear- 1 o 
ances between conductor members radially adjacent to 
each other from the bent portions to edge portions. 
Accordingly, clearances can be provided between con- 
ductor members radially adjacent to each other. 
[0019] Other objects, features and characteristics is 
of the present invention as well as the functions of 
related parts of the present invention will become clear 
from a study of the following detailed description, the 
appended claims and the drawings. In the drawings: 

20 

Fig. 1 is a cross-sectional view of a vehicular AC 
generator according to the first embodiment of the 
present invention; 

Fig. 2 is a fragmentary cross-sectional view of a 
stator according to the first embodiment; 25 
Fig. 3 is a schematic perspective view of segments 
according to the first embodiment; 
Fig. 4A and Fig. 4B are schematic diagrams illus- 
trating bending steps according to the first embodi- 
ment; 30 
Fig. 5 is a fragmentary perspective view of a sec- 
ond coil-end group of the stator according to the 
first embodiment; 

Fig. 6 is a schematic diagram illustrating the second 
coil-end group of the stator according to the first 35 
embodiment; 

Fig. 7 is a schematic enlarged side view of the sec- 
ond coil-end group from inside of the stator accord- 
ing to the first embodiment; 

Fig. 8 is an enlarged plan view of segments accord- 40 
ing to a second embodiment of the invention; 
Fig. 9 is an enlarged cross-sectional view taken 
along line IX-IX in Fig. 8; 

Fig. 10 is an enlarged cross-sectional view taken 
along line X-X in Fig. 8; 45 
Fig. 1 1 is a schematic enlarged side view of a sec- 
ond coil-end group according to a third embodiment 
from inside of the stator; 

Fig. 12 is a schematic perspective view of an edge 
portion of a segment according to the third embod- so 
iment; and 

Fig. 13 is a schematic perspective view of an edge 
portion of a segment according to a variation of the 
third embodiment of the invention. 

55 

[0020] A stator according to a first embodiment of 
the invention is described with reference to Figs. 1 -7. 
[0021 ] A vehicular AC generator 1 includes stator 2 



acting as an armature, a rotor 3 acting as a field core, a 
front housing 4a and a rear housing 4b supporting the 
rotor 3 and fixing the stator 2 by bolts 4c, and rectifiers 
5 converting AC electric power to DC electric power. 
[0022] The rotor 3 rotates with a shaft 6, and has 
Lundell type pole cores 7, field coils 8, slip rings 9 and 
10. a mixed flow fan 1 1 providing cooling air and a cen- 
trifugal flow fan 12. The shaft 6 is jointed to a pulley 20, 
and is rotated by a vehicular engine (not shown). 
[0023] The Lundell type pole cores 7 includes a pair 
of pole cores. The Lundell type pole cores 7 includes a 
boss portion 71 press-fitted to the shaft 6, disk portion 
72 extending radially from both ends of the boss portion 
71 , and twelve claw poles 73. 

[0024] The mixed flow fan 1 1 at a pulley side has 
blades inclined at an acute angle to a board 1 1 1 fixed to 
an end portion of a pole core 7 by such as a welder and 
blades projecting at right angle to the board 111, and is 
rotated with the rotor 3. The centrifugal flow fan 12 at 
opposite side of a pulley has blades projecting at right 
angle from a board 121 fixed to an end portion of a pole 
core 7 by a welder or the like. 

[0025] The housing 4 has air intake windows 41 at 
an axial end of a stator and has air discharge windows 
42 for cooling air at both shoulder portions of periphery 
thereof in the face to first and second coil-end groups 
31a and 31b of the stator 2. 

[0026] The rectifiers 5 are disposed at a side of an 
end portion of the vehicular AC generator 1 opposite the 
pulley. Accordingly, the first coil-end group 31a is dis- 
posed to correspond to these rectifiers 5. 
[0027] The stator 2 includes a stator core 32, stator 
windings formed of plural conductor members such as 
coppers disposed in slots 35 provided in the stator core 
32, and insulators 34 insulating the conductor members 
from the stator core 32. The stator core 32 is also fixed 
between the front housing 4a and rear housing 4b. 
[0028] As shown in Fig, 2, a plurality of slots 35 are 
formed in the stator core 32 so that a multi-phase stator 
winding composed of a plurality of phase-windings can 
be disposed therein. In this embodiment, thirty-six slots 
35 are provided at equal intervals in the stator core 32 
so that a three-phase stator winding composed of three 
phase-windings can be disposed therein to correspond 
to the number of poles of the rotor 3. 
[0029] The three phase-windings disposed in the 
slots 35 are respectively regarded as a continuous con- 
ductor member, and an even number of conductor 
members (four conductor members in this embodiment) 
are inserted into each of plural slots 35. Four conductor 
members in each slot 35 are disposed in radially lined- 
up layers, an innermost layer, an inner-middle layer, an 
outer-middle layer and an outermost layer from the 
radial inside of the stator core 32. These conductor 
members are coated with insulation films 37 such as a 
polyamide-imide-resin film. 

[0030] The conductor members are connected in a 
prescribed pattern to form a three-phase stator winding. 
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In this embodiment, the conductor members disposed 
in the slots 35 are joined with each other by continuous 
portions at one side in a first coil end group 31a, and are 
welded to each other at the other side in the second coil 
end group 31b. 5 
[0031] One conductor member disposed in one slot 
35 is paired with the other conductor member disposed 
in the other slot 35 separated from the one slot 35 at 
prescribed pole pitches. 

[0032] That is, one conductor member disposed at 10 
one layer in one slot 35 is paired with the other conduc- 
tor member disposed at the other layer in another slot 
35 separated from the one slot 35 at prescribed pole 
pitches. Therefore, the plural conductor members can 
be disposed regularly to ensure clearances therebe- 75 
tween at the coil -end portions. 

[0033] For example, one conductor member 331a 
disposed at the innermost layer in one slot 35 is paired 
with another conductor member 331b disposed at the 
outermost layer in the other slot 35 separated from the 20 
one slot 35 in the clockwise direction of the stator core 
32 at one pole pitch. In the same manner, one conduc- 
tor member 332a disposed at the inner-middle layer in 
one slot 35 is paired with the other conductor member 
332b disposed at the outer-middle layer in another slot 25 
35 separated from the one slot 35 in the clockwise 
direction of the stator core 32 at one pole pitch. 
[0034] These paired conductor members are joined 
or integrated with each other via continuous turn por- 
tions 331c and 332c at one axial end portion of the sta- 30 
tor core 32. 

[0035] Accordingly, at one end of the stator core 32, 
a continuous wire joining one conductor member dis- 
posed at the outermost layer with the other conductor 
member disposed at the innermost layer surrounds a 35 
continuous wire joining one conductor member dis- 
posed at the outer-middle layer with the other conductor 
member disposed at the inner-middle layer. That is. at 
one end of the stator core 32, one joined portion of 
paired conductor members surrounds the other joined 40 
portion of paired conductor members in the same slots. 
Conductor members disposed at the inner-middle and 
outer-middle layers are joined to one another to form an 
inner layer coil end, and those disposed at the inner- 
most and outermost layers are in the same manner to 45 
form an outer layer coil end. 

[0036] On the other hand, the conductor member 
332a disposed at the inner-middle layer in one slot 35 is 
also paired with a conductor member 331a* disposed at 
the innermost layer in the other slot 35 separated from so 
the one slot 35 in the clockwise direction of the stator 
core 32 at one pole pitch. In the same manner, a con- 
ductor member 331 b' disposed at the outermost layer in 
one slot 35 is paired with a conductor member 332b dis- 
posed at the outer-middle layer in the other slot 35 sep- 55 
arated from the one slot 35 in the clockwise direction of 
the stator core 32 at one pole pitch. Thereafter, these 
conductor members are connected by such as a welder 



at the other axial end portion of the stator core 32. 
[0037] Therefore, at the other axial end portion of 
the stator core 32. connection portions connecting con- 
ductor members disposed at outermost and outer-mid- 
dle layers are located in line with connection portions 
connecting conductor members disposed at the inner- 
most and inner-middle layers. Adjacent-layer coil-ends 
are formed by connecting conductor members disposed 
at outermost and outer-middle layers and connecting 
conductor members disposed at innermost and inner- 
middle layers. 

[0038] In this way, at the other axial end portion of 
the stator core 32, connection portions of conductor 
members paired with each other are located regularly 
without overlapping. 

[0039] Further, a plurality of conductor members 
are provided by segments, which are shaped from con- 
ductors having a rectangular cross-section and a pre- 
scribed thickness. As shown in Fig. 3. conductor 
members disposed at innermost and outermost layers 
are provided by a large segment 331. which is formed 
into a U-shape from a continuous conductor wire. Con- 
ductor members disposed at inner-middle and outer- 
middle layers are provided by a small segment 332, 
which is formed into a U-shape from a continuous con- 
ductor wire. 

[0040] A basic segment 33 is composed of the large 
segment 331 and the small segment 332. The basic 
segments 33 are disposed regularly in slots 35 to form 
a two-turn winding around the stator core 32. However, 
a segment composing a leading wire of a stator winding 
and a turn portion connecting a first-turn and a second- 
turn windings are provided by specific segments differ- 
ent from the basic segment 33. In this embodiment the 
number of the specific segments is three. Connecting 
the first-turn and the second-turn windings is located 
between conductor members disposed at an end layer 
and a middle layer, thereby forming a specifically- 
shaped coil-end. 

[0041] A method of manufacturing a stator winding 
are described hereafter. 

[0042] The basic segments 33 are provided in a 
manner that a turn portion 331c of the U-shaped large 
segment 331 surrounds a turn portion 332c of the U- 
shaped small segment 332. Thereafter, they are 
inserted in the stator core 32 from one axial end thereof. 
Then, a conductor member 331a located at one side of 
the large segment 331 is inserted in an innermost layer 
of one slot a conductor member 332a located at one 
side of the small segment 332 is inserted in an inner- 
middle layer of the one slot, a conductor member 331b 
located at the other side of the large segment 331 is 
inserted in an outermost layer of the other slot sepa- 
rated from the one slot in the clockwise direction of the 
stator core 32 at one pole pitch, and a conductor mem- 
ber 332b located at the other side of the small segment 
332 is inserted in an outer-middle of the other slot. 
[0043] As a result, as shown in Fig. 2, straight por- 
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tions 331 a, 332a. 332b* and 331 b* are disposed in a slot 
forming a radial line from a innermost layer side. Here, 
the straight portions 332b" and 331b' are those of the 
big and small segments paired with each other. Further, 
because the conductor members 33 are provided by U- 5 
shaped segments, spring-back force is added to the 
conductor members in a direction of widening turn por- 
tions 33lc and 332c. Therefore, a some clearance is 
provided between the straight portion 332b of the small 
segment 332 and the straight portion 331b of the large 70 
segment 331. 

[0044] After the conductor members are inserted, 
at the second coil-end group 31b, clearances are radi- 
ally provided between conductor members at the inner- 
most and inner-middle layers and between those at is 
outermost and outer-middle layers. 
[0045] In Figs. 4 A and 4b, the straight portion 331b, 
as a first extended portion, extending from the outer- 
most layer of the slot 35 is bent in a radially outside 
direction as indicated by arrow A. That is, the straight 20 
portion 331b extending from the outermost layer is bent 
in a direction to separate from the straight portion 332b, 
as a second extended portion, extending from the outer- 
middle layer. Then, the straight portion 331b is bent at a 
radial ly-outside outlet-portion 35a of the slot 35 as a ful- 25 
crum. Thereafter, the radial ly-outside-bent straight-por- 
tion 331b extending from the outermost layer is bent in 
a radially opposite and inside direction, where it comes 
closer to the straight portion 332a extending from the 
outer-middle layer as indicated by arrow B. 30 
[0046] If a conductor member is bent to incline, it is 
hardened mechanically at the bent portion. Therefore, 
even if the bent conductor member is again bent in an 
opposite direction at the bent portion, it cannot be 
restored to the original straight shape. That is, in this 35 
step, the conductor member is hardened mechanically 
at the bent portions 331 f bent in a radially-outside direc- 
tion, where it is widened. Therefore, when the straight 
portion 331b is again bent in a radially-inside direction, 
it is bent at the machine-hardened bent portion 33 If as 40 
a fulcrum. Accordingly, the conductor member cannot 
be restored to the original straight shape, thereby form- 
ing an arc portion 331 i, which is curved from the bent 
portion 33 1f to an leading edge portion 33 1e in a radi- 
ally-outside direction. In this manner, because the con- 45 
ductor-member 331b disposed at the outermost-layer is 
radially widened at the outside of the slots 35 to form the 
arc portion 331 i, a clearance 38 is provided between the 
conductor-member 331b disposed at the outermost- 
layer and the conductor-member 332b disposed at the so 
inner-middle-layer radially adjacent thereto. Therefore, 
the clearance 38 between the adjacent conductor-mem- 
bers located at the outside of the slots 35 is larger than 
that therein. 

[0047] In the same manner, the straight-portion 55 
331a extending from the innermost layer is bent in a 
radially-inside direction of the stator core 32 in an arc 
line, thereby providing a clearance between the straight- 



portion 331 a extending from the innermost layer and the 
straight-portion 332a extending from the inner-middle 
layer radially adjacent thereto. As a result, at the second 
coil-end group 31b. clearances are provided between 
the straight portion 331a extending from the innermost 
layer and the straight portion 332a extending from the 
inner-middle layer, and between the straight portion 
331b extending from the outermost layer and the 
straight portion 332b extending from the outer-middle 
layer. 

[0048] Thereafter, the straight portions 331a and 
331b extending from the end-layers are bent in the 
direction to widen the large segment 331 by half a pole 
pitch (1 .5 slot pitches in this embodiment) at connection 
portions 331d and 331 e. The straight portions 332a and 
332b extending from the middle-layers are bent in the 
direction to close the small segment 332 by half a pole 
pitch at connection portions 332d and 332e. As a result, 
at the second coil-end group 31b, the conductor mem- 
bers radially adjacent to each other are bent in the 
directions opposite to each other. 
[0049] The above-described steps are executed for 
all the segments 33 in all the slots 35. Thereafter, at the 
second coil-end group 31b, the connection portions 
331 e* and 332e extending from the outermost and 
outer-middle layers are electrically connected and the 
connection portions 332d and 33 1d' extending from the 
inner-middle and innermost layers are also electrically 
connected by an ultrasonic welder, an arc welder, a 
brazing device or the like. Accordingly, as shown in a 
perspective view of Fig. 5, a stator is provided. 
[0050] As shown in Figs. 6 and 7, clearances are 
provided at the second coil-end group 31b between the 
end-layer straight-portions 331a and 331b and the mid- 
dle-layer straight-portions 332a and 332b. Therefore, 
the prescribed clearances are radially provided at 
crossing portions 33c, where the adjacent conductor 
members are radially overlapped. 
[0051] As a result, when a vehicle vibrates, colli- 
sions can be reduced between conductor members 
radially adjacent to each other at the second coil-end 
group 3 1 b so that damages of insulation films 37 can be 
reduced. Further, electrical short, generated by con- 
tacts between damaged portions of the insulation films 
37, can be prevented. 

[0052] As shown in Fig. 6, the straight portions are 
deformed to separate connection portions radially by 
respectively connecting the innermost and outermost 
layer's straight portions 331a and 331b with the middle- 
layer straight portions 332a and 332b at their leading 
edge portions. As a result, a clearance 332s between 
the connection portions is widened at coil-ends, thereby 
improving insulation performance. 
[0053] Furthermore, radial clearances are provided 
at the crossing portions 33c located between the adja- 
cent conductor members. Therefore, a inner-fan's cen- 
trifugal-air flow, which includes a circumferential air- 
flow, can pass through not only network-structural air- 
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flow-paths 36 at the second coil-end group 31b but also 
radially-directional clearances at the crossing portions 
33c located between the conductor members circumfer- 
entially. Therefore, cooling capacity can be improved at 
the coil ends. 

[0054] Moreover, electric power generation is 
affected by an electrical short-circuit due to contacts of 
conductor members of different phase-windings. There- 
fore, clearances located between conductor members 
are larger in the second coil-end group 31b than in slots 
35. thereby achieving the above-described effects. 
[0055] A stator according to a second embodiment 
of the invention is described with reference to Figs. 8 
and 9. In the second embodiment, the clearances can 
be provided between the conductor members at the end 
and middle layers. 

[0056] Straight portions 331a t 331b, 332a and 332b 
of the small and large segments 331 and 332 in the sec- 
ond embodiment have respectively concave portions 
331g, 331h, 332g and 332h at opposite faces in the 
case of disposing the segments in a multiple form. 
These concave portions 331 g, 331 h, 332g and 332h are 
provided at a portion P, which includes the crossing por- 
tions 33c between the conductor-members adjacent to 
each other when the segments 33 are twisted cicumfer- 
entially after inserted into the slots 35. 
[0057] These concave portions 331g, 331 h, 332g 
and 332h are formed in the portions indicated by P as 
shown in Figs. 7 and 8. As a result, insulation perform- 
ance between the conductor members and cooling 
capacity is improved at portion P of the coil ends, where 
the conductor members cross each other. 
[0058] A radial thickness of the conductor members 
is smaller at these concave portions 331 g, 331 h, 332g 
and 332h than portions in the slots 35. Therefore, the 
clearance between the conductor members is larger at 
the porion P than in the slot 35. Further, a radial thick- 
ness of the conductor members is 
[0059] smaller at these concave portions 331 g, 
331 h, 332g and 332h than at leading edge portions of 
the segments 331 and 332. As a result, the clearance 
between the conductor members can be maintained at 
the porion P, even after the leading edge portions of the 
segments are connected. 

[0060] As shown in Fig. 9. the cross section of the 
conductor member disposed in the slot 35 is elliptic with 
four round corners. These four round corners have such 
a large radius as provides a space for taking in a volume 
of material moved while the conductor members are 
pressed at the concave portions 331g. 331 h. 332g and 
332h. As a result, as shown in Fig. 10, the width and 
cross-sectional area of the conductor member are 
maintained equal to that shown in Fig. 9 at the concave 
portions 331g. 331h. 332g and 332h while the radius of 
the four corners becomes smaller. Accordingly, an 
inserting process of the segments into the slots 35 can- 
not be intenupted by the concave portions 331 g. 331 h, 
332g and 332h. 



[006 1 ] The concave portions 33 1 g, 33 1 h. 332g and 
332h are provided by pressing the conductor members, 
whose cross sectional area is not much deformed, so 
that damages of the insulation films 37 covering the sur- 

5 face of the conductor member can be prevented. 

[0062] Further, the concave portions 331 g. 33 1h. 
332g and 332h are provided only outside of the slots 35. 
Accordingly, radial clearances can be smaller between 
the conductor members in the slot 35. Therefore, insu- 

io lation performance can be improved at the crossing por- 
tions 33c at the coil ends while increasing vibration 
resistance by decreasing a radially-moving range of the 
conductor members in the slots 35. 
[0063] In the second embodiment, the straight por- 

15 tions 331a and 331b of the end-layer conductor mem- 
bers are not required to bend radially after the segments 
33 are inserted into the slots. The other manufacturing 
processes are equal to the first embodiment. 
[0064] In the second embodiment, the concave por- 

20 tions 331 g, 331 h, 332g and 332h are provided at oppo- 
site faces of the conductor members extending from the 
end and middle layers. Therefore, clearances can be 
surely provided between radially-adjacent conductor- 
members at the second coil-end group 31b. Accord - 

25 ingly, when a vehicle vibrates, damages of the insulation 
films 37 generated by collisions of the adjacent conduc- 
tor-members can be prevented so that short-circuit can 
be prevented between windings different from each 
other in an electrical phase. Because clearances are 

30 provided at the crossing portions 33c between the radi- 
ally-adjacent conductor-members, inner-fan's centrifu- 
gal air-flow and circumferential air-ffow can pass 
through not only network-structural air-flow-paths 36 at 
the second coil-end group 31b but also radial clear- 

35 ances at the crossing portions 33c between the circum- 
ferential conductor-members. Therefore, cooling 
capacity can be improved at the coil ends. 
[0065] The same concave portions 331 g, 331 h. 
332g and 332h can be provided at one side of the faces 

40 of the conductor members. For example, only the con- 
cave portions 331 g and 331 h can be provided to reduce 
additional steps such as a pressing step. The volume of 
the conductor member to be moved at the concave por- 
tions can be reduced from the volume covering four cor- 

45 ners as shown in Fig. 10 to the volume covering only 
two corners. Furthermore, the cross section of the con- 
ductor member can be arc-shaped only at side surfaces 
where the concave portions are formed. This structure 
can reduce the insulation-film damages generated by 

so presswork at the concave portions. 

[0066] The conductor member can be twisted at the 
crossing portion 33c and shorter edges thereof can be 
faced radially instead of the concave portion provided 
by presswork so that the radial thickness of the conduc- 

55 tor member can be small at the crossing portion 33c. 
[0067] A stator according to a third embodiment of 
the invention is described with reference to Fig. 1 1 . 
[0068] The insulation between conductor members 



MSDOCIO: <EP 1005137A1 J_> 



11 



EP1 005 137 A1 



12 



are particularly important near the connection portions, 
because the insulation films coated on the conductor 
members are damaged near the connecting portions to 
be exposed to high welding temperature. Therefore, as 
shown in Fig. 1 1 , portion Q of the concave portion can 5 
be limited to only the crossing portion. In this structure, 
insulation performance can be improved between the 
conductor members. 

[0069] As a variation, the concave portions can be 
formed at both sides of the conductor members, for 10 
example, as shown in Fig. 12. An edge portion 510 of a 
segment 500 is connected with another edge portion. 
The concave portions 520 and 530, which correspond 
to the portion P shown in Fig. 8. are formed at both 
sides of the segment at a lower part than this edge por- 15 
tion 510. Cross-section A1 of the edge portion 510 is 
equal to that A2 of the concave portions 520 and 530 in 
an area, and widths at cross-section A1 and A2 are 
equal. Only the edge portion 610 of the segment 600 
shown in Fig. 13 is pressed to be flattened. The edge 20 
portion 610 of the segment 600 is connected with 
another edge portion of a segment by a welder. After 
the segment is inserted in a stator core, the conductor 
member is disposed adjacent to another in a longitudi- 
nal direction of a cross section of the edge portion 610. 25 
Therefore, clearances can be maintained between the 
conductor members by flattening the cross section A1 
of the edge portion 610 of segments 600 to be thinner 
than the cross section A2 of other portions thereof. Fur- 
ther, areas of the cross sections A1 and A2 are equal. In 30 
Fig. 1 3. widths at cross-sections A1 and A2 are equal to 
each other. In this structure, because a radial thickness 
of the conductor member at a portion near the connec- 
tion portion is larger than the thickness at the crossing 
portion directly thereunder, clearances between the 35 
conductor members can be maintained near the con- 
nection portion, thereby providing high insulation per- 
formance. In the structure illustrated in Fig. 13, the 
conductor member extending from the slot spreads a lit- 
tle at a portion near the connection portion, thereby 40 
maintaining required clearances. 
[0070] In the structure illustrated in Fig. 13. the 
cross section of the edge portion 610 can be widened in 
both upper-and -lower-side directions. 

[0071] In the above-described embodiments, as 45 
shown in Fig. 3. the turn portions 331c and 332c of two 
U-shaped conductor-members, that is, those of the big 
and small segments 331 and 332 are overlapped to 
form a stator winding. However, more conductor mem- 
bers can be overlapped to form a stator winding. Fur- so 
ther. straight conductor members can be connected 
with each other at both axial end of the stator core 32 
instead of U-shaped those. Even in these structures, if 
clearances are provided between radially opposite 
faces of the conductor segments radially adjacent to 55 
each other, the same operational effects as in the 
above-described embodiments can be achieved. 



Claims 

1 . A stator of a vehicle AC generator comprising: 

a stator core (32) having a plurality of slots 
(35); 

a multi-phase stator winding formed from a plu- 
rality of conductor members (33. 331. 332) 
mounted on said stator core (32), said stator 
winding having coil-ends (31b) at opposite 
sides of said stator core (32); characterized in 
that 

portions of said conductor members (33. 331. 
332) in each of said coil-ends (31b) are radially 
aligned to have first radial clearances therebe- 
tween. 

2. The stator as claimed in claim 1, characterized in 
that 

in-slot portions of said conductor members (33, 
331, 332) in each of said slots (35) are radially 
aligned to have second radial clearances ther- 
ebetween, and 

said first radial clearance is larger than said 
second radial clearance. 

3. The stator as claimed in claim 1 or 2. characterized 
in that 

those of said conductor members (33. 331. 
332) at said coil-ends (31b) are bent to have 
said first radial clearances therebetween. 

4. The stator as claimed in claim 1 or 2. characterized 
in that 

portions of said conductor members (33, 331 , 
332) disposed at said coil ends are thinned in 
the radial direction to provide said first radial 
clearances. 

5. The stator as claimed in claim 1 or 2, characterized 
in that 

each of said conductor members (33. 331 , 332) 
comprises a connection portion (331d, 331 e, 
332d, 332e) radially wider than other portions 
thereof at said coil-end. 

6. The stator as claimed in claim 1 or 2, characterized 
in that 

each of said conductor members (33. 331 . 332) 
comprises a connection portion and a step por- 
tion thicker in the radial direction than other 
portions thereof at said coil end. 
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7. The stator as claimed in claim 4, characterized in 
that 

said conductor member comprises a concave 
portion (331g. 331h, 332g. 332h) that is thinner 5 
in the radial direction than other portions 
thereof at said coil end. 

8. A method of manufacturing a stator of a vehicular 

AC generator comprising a step of disposing a plu- io 
rality of conductor members (33, 331 . 332) in a plu- 
rality of slots (35) of a stator core (32) to form a 
plurality of radially aligned layers of conductor 
members (33, 331 , 332). characterized by a step of 
bending first extended portions of said conductor 15 
members (33. 331, 332) radially extending from 
said slots (35) away from said second extended 
portions of said conductor members (33, 331. 332) 
radially adjacent thereto, and a step of bending said 
first portions in the radially opposite direction to 20 
form a clearance between said second extended 
portions and said first extended portion. 
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